Abstract: Ticks are the vectors of various pathogens, threatening human health and animal production across the globe. Here, for the first time we detected Ricketssia spp., Borrelia spp. and protozoan in ticks from Poyang Lake region in Jiangxi Province of eastern China. In 3 habitat categories and on 12 host species, 311 ticks from 11 species were collected. Haemaphysalis longicornis was the predominant species, accounting for 55.63%, followed by Rhipicephalus microplus, Haemaphysalis flava and Ixodes granulatus. Of the collected ticks, 7.07% were positive for tick-borne pathogens, and H. longicornis and H. flava were found to be co-infected with Ricketssia spp. and protozoan. H. flava was the most detected positive for tick-borne pathogens, whereas H. longicornis had the lowest infection rate, and the difference in infection rates between tick species was significant (χ 2 = 61.24, P < 0.001). Furthermore, adult ticks demonstrated remarkably greater infection rate than immature ticks (χ 2 = 10.12, P = 0.018), meanwhile ticks on Erinaceidae showed significantly higher positivity than ticks collected on other host species (χ 2 = 108.44, P < 0.001). Genetic fragment sequencing and analyses showed at least 4 pathogen species presence in ticks, namely Borrelia yangtzensis, Rickettsia slovaca or Rickettsia raoultii related genospecies, Babesia vogeli and Hepatozoon canis or Hepatozoon felis related genospecies. The finding indicates that the abundant ticks can carry diverse pathogens in Poyang Lake region, and pathogen infection is highly related to species, vertebrate hosts and life stages of ticks.
INTRODUCTIOIN
Ticks, a group of specialized obligate hemophagous ectoparasites, parasitize abundant host species and are the vectors of wide range of pathogens of veterinary and public health importance [1] [2] [3] [4] [5] [6] . Recently, they are considered to occupy the second place after mosquitoes as vectors of human infectious diseases in the world. As of May 31 2015, there were at least 5,568 cases of human tick-borne diseases reported around China, including large number of patients with Lyme diseases and newly emerging severe fever with thrombocytopenia syndrome [1] .
China has the complex distributions and the great diversity of tick species because of its diverse ecological habitats. Ticks in China were reported to be carriers of various human pathogens including protozoans and bacterium like Borrelia spp. and Richettsia spp. [1, 7, 8] . Poyang Lake region, belonging to Jiangxi (a province of southeastern China), has already recorded sporadic human tick-borne diseases and at least 13 tick species. Our previous work detected some tick-borne pathogens in a few kinds of hosts, such as rodents and dogs in Poyang Lake region [4] [5] [6] . However, knowledge on tick-borne pathogens in tick vectors in this region is limited. Therefore, in this study we showed evidence to illustrate the distribution of pathogens comprising Borrelia spp., Rickettsia spp., and protozoa in tick vectors from Poyang Lake region in Jiangxi, and elucidated its relation with tick species, developmental stage, host and vegetation. The results will be a basis for future epidemiological studies and risk assessment of human tick-borne pathogens in Poyang Lake region.
MATERIAL AND METHODS

Study area
The study had been conducted for 3 years (2013) (2014) (2015) in Poyang Lake region of Jiangxi Province, southeastern China, which has altitudes higher than 35 m and lower than 190 m above sea level. This area experiences a subtropical climate with over than 1,000 mm of annual rainfall, -10˚C of maximum low temperature and 40˚C of maximum high temperature. Temperatures usually vary from 10 to 37˚C between May and October when tick populations are active. Types of vegetation cover include mixed broadleaf and coniferous woodland and grassland (Table 1) . We selected 12 counties in Poyang lake region as investigation sites (Table 1) .
Tick collection and identification
Ticks in vegetation covers were collected by flagging or dragging both at ground level and over and through the vegetation with a cotton cloth (100× 60 cm). Each site was visited at least 3 times to cover all of 3 categories of habitats (grassland, woodland, and shrubs). Each habitat category was selected to cover a 900-m 2 area with many animal trails and tracks. Ticks were removed from the cotton cloth every 2 minutes. Ticks parasitizing hosts were collected from 24 villages and 12 wild animal markets. In villages, domestic animals and fowls were restricted by owners for sampling. In markets, wild animal bodies were employed for tick collection. Rodentia around villages were trapped using peanut baited rodent traps for tick examination. All the procedures were carried out according to ethical guidelines for the use of animal samples permitted by Obihiro University of Agriculture and Veterinary Medicine (Animal experiment access num: 28-100). The information regarding all of the collected specimens, including their location, vegetation type, host, number of ticks collected from the body of each animal and the date of collection, were recorded. Ticks were collected from the entire body of each host into separate sample bottle containing 70% ethanol. Standard taxonomic keys were used to morphologically identify adults [9] . Larvae and nymphs were identified individually based on molecular methods [10] . The specimens were kept in 70% ethanol and used for further molecular identification and detection of tickborne pathogens.
DNA isolation
Tick specimens immersed in 70% ethanol were air dried, and then rinsed in sterile water for 3 times. After rinsed in sterile phosphate-buffered saline, ticks were dried on sterile filter paper in a biosafety hood, and individually ground in sterile tubes. DNA was extracted using the QIAamp Tissue Kit (QIA-GEN, Hilden, Germany) according to the manufacturer's instructions. The genomic DNA was stored at 4˚C until used as a template in PCR assays.
Pathogen identification
A total of 3 groups of pathogens were assayed: Borrelia spp., Rickettsia spp. and protozoa. A conventional PCR was performed with a set of primers (forward: 5'-ACATATTCAGATG-CAGACAGAGGT-3', reverse: 5'-GCAATCATAGCCATTGCAGATT-GT-3') designed to amplify the 665-bp flagellin gene of Borrelia spp. For citrate synthase encoding gene (gltA), a primer set of primer 1 (5'-GCAAGTATCGGTGAGGATGTAAT-3') and primer 2 (5'-GCTTCCTTAAAATTCAATAAATCAGGAT-3') was used and expected to yield a 401-bp fragment depending on the Rickettsia spp. For amplification of 209-214 bp fragment of 18S ribosomal RNA (rRNA) in the protozoa, a set of primers (forward: 5'-GCA-TTTAGCGATGGACCATTCAAG-3', reverse: 5'-CCTGTATTGT-TATTTCTTGTCACTACCTC-3') was designed for PCR. PCR reagents were used as recommended by the manufacturer (Takara Bio Inc., Dalian, China). The amplification for flagellin gene included 5 min pre-denaturation at 94˚C followed by 30 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 1 min, and final extension at 72˚C for 7 min. The amplifications for 18S rRNA gene in the protozoa and gltA gene in the Rickettsia spp. were performed under the same conditions as flagellin gene except the extension at 72˚C for 45 sec for the protozoa and the annealing at 50˚C for 30 sec. Positive samples were sequenced to identify potential microbial species with a resemblance to known species based on by an online software (http://www.bioinformatics.org/sms2/ident_ sim.html).
Sequence analysis
All obtained sequences were assembled and edited by using SeqMan software. We compared them with sequences in the GenBank database. We performed multiple sequence alignments by using the ClustalX program. Phylogenetic trees were constructed by using the Neighbor-Joining (NJ) algorithm in the MEGA v.7.0.26 software. Support for the tree nodes was calculated with 1,000 bootstrap replicates.
Data analyses
All the raw data were collated in Excel spreadsheets. The differences in infection rates of ticks at species levels, at developmental stages, on hosts, in habitat categories, and the difference in infection rates of ticks collected in vegetation covers and on hosts were evaluated using Chi square (http://quantpsy.org). In the 2× 2 case of the chi-square test of independence, if expected frequencies is less than 5, Yates' correction is employed [11] .
RESULTS
Tick samples
A total of 311 ticks belonging to 5 genera and 11 species were collected from 5 species of domestic animals (Canis familiaris, Capra aegagrus hircus, Bos spp., Bubalus bubalis, and Equus ferus), 5 species of wild animals (Lepus sinensis, Erinaceidae, Apodemus agrarius, Rattus norvegicus, Rattus rattoides), a species of bird (Phasianus colchicus) and a species of chicken (Gallus gallus domesticus), in 2 kinds of vegetation types from 12 locations in Poyang Lake region (Table 1) . L. sinensis harbored abundant Table 2 . Summary of species and number of ticks collected from hosts and by flagging over vegetation cover Table 3 ).
The effect of risk factors on the pathogen distribution The overall prevalence of pathogens in larvae, nymphs, male, and female ticks were 1.49%, 2.94%, 10.87%, and 13.54%, respectively. There was major difference in the prevalence of these pathogens between immatures (larvae and nymphs) and matures (males and females) (χ 2 = 10.12, P = 0.018). However, there was no significant difference in prevalence of these pathogens in ticks among host species and vegetation, although the positive rate of pathogens in ticks collected from hosts was approximately 2 times more than that collected by flagging over vegetation (χ 2 = 0.44, P = 0.51). Prevalence of these pathogens in ticks collected from Canis familiaris, C. aegagrus hircus, Muridae and Erinaceidae were 4.65%, 11.43%, 18.75%, and 84.62%, respectively, and ticks on Erinaceidae were at significantly higher risk for pathogen infection compared to ticks on other hosts (χ 2 = 108.44, P < 0.001). There was no positive ticks found on other host species. Prevalence of these pathogens in ticks in grasslands and woodland were 2.08% and 0, respectively, and there was on significant difference (χ 2 = 1.37, P = 0.24) ( Table 4) .
Pathogen identification and sequence analyses
Further sequencing and sequence alignment showed that 1 Borrelia species (Borrelia yangtzensis), 2 protozoan species (Babesia vogeli and Hepatozoon canis or Hepatozoon felis related geospecies), and 1 Rickettsia species (Rickettsia slovaca or Rickettsia raoultii related genospecies) were successfully sequenced from 4 tick species. The 665-base pair sequence of Borrelia spp. flagellin gene (MG717513) yielded in the study was 99.21-99.37% identical to other 2 sequences of MG717514 and MG717515 pro- (Table 5) . For phylogenetic analyses, 3 sequences of B. yangtzensis flagellin gene obtained from I. granulatus belonged to the same cluster where they shared with the strain QLZSP, QSYSP, and QTMP2 of B. yangtzensis and strain CKA3a and CMN1b of B. valaisiana (Table 5 ; Fig. 2 ). The sequences of R. raoultii or R. slovaca related Rickettsia spp. (MG717516-MG7175129) were clustered with those of R. raoultii (MF002517) and R. slovaca (MF002529) (Fig. 2) .
DISCUSSION
In Poyang Lake region, the common animals and birds with potential for tick parasitism and easy to contact human were C. familiaris, C. aegagrus hircus, A. agrarius, R. norvegicus, G. gallus domesticus, and L. sinensis, accounting for over 90% of hosts captured. Rodents like A. agrarius and R. norvegicus were trapped with large number, but a few ticks were found, whereas B. yangtzensis was occasionally detected in ticks removed from the rodents. B. yangtzensis, a Borrelia species in the B. burg- dorferi complex was originally discovered in Chinese Yangtze River Valley region in 2015, and it was reported in H. longicornis and I. granulatus ticks from small mammals in China and isolated in rodents or shrews in Japan [12] . However, B. yangtzensis was not detected in H. longicornis albeit greater than 50% ticks collected in the study were H. longicornis. The reason, we guessed, might be that H. longicornis was not an efficient vectors of B. yangtzensis, hence the pathogen was rarely presented in the ticks. Poyang Lake region belongs to part of Yangtze River Valley region, and has similar distribution pattern of ticks and tick related small mammals to other parts of Yangtze River Valley region, therefore B. yangtzensis can also be found in I. granulatus collected in rodents in our study. The sequences of flagellin gene in B. yangtzensis in the study showed higher identity to B. valaisiana than to other known Lyme Borreliosis group spirochaete species, which was in agreement with the previous study [12] .
Despite some L. sinensis were majorly tick infested, pathogens were not found in those ticks. We had 3 Erinaceidae hosts, and found diverse pathogens like R. slovoca or R. raoultiilike genospcies and Babesia spp. in attached ticks with high infection rate. Ticks on Erinaceidae might serve as vectors within Erinaceidae populations in this region, thus readily leading to high infection rate. This increases the chance that ticks transport pathogens from a natural hedgehog cycle to other hosts, including humans [13] . C. familiaris, usually functioning as a guard dog and a pet in investigated sites, were closely related to human, furthermore, some ticks on dogs in our study were positive for R. slovoca or R. raoultii related genospcies which is likely considered as human pathogen. Dogs, incidental hosts for the agent of spotted fever group, can become infected by a bite of ixodid ticks, and then transmit the pathogens to human [14] . Therefore, people should avoid contact with such dogs and ticks.
In this study, 11 tick species were collected, with H. longicornis acting as the predominant species, and other common ticks included H. flava, R. microplus and I. granulatus. These common tick species were also reported in other subtropical regions of China like Zhejiang and Hubei [15] . Our findings indicated that H. flava and H. longicornis were the ticks frequently detected positive for presence of R. raoultii or R. slovoca related genospecies. R. raoultii and R. slovoca were reported as human pathogenic agents [3, 16, 17] . Previous researches showed that R. raoultii had been reported in northern regions of China [3, 7] , and R. slovaca recorded in Europe and Xinjiang, China [7, 16, 17] . Although natural infection with tick-borne pathogens occurs [1] , other tick species like R. sanguineus, R. haemaphysaloides, I. sinensis, and A. testudinarium were tested negative for Borrelia spp., Rickettsia spp. and protozoa infection in our study. The possible reason might be because of a few numbers of ticks collected and thus decreasing the probability of pathogen detection.
Compared to immature ticks, mature ticks tended to pathogen infection, furthermore, we found that females had comparable positivity rate with males. In contrast, a study conducted in Europe showed higher pathogen infection rate in immatures than matures [18] . Our study demonstrated that relatively high infection rate were determined in adult ticks collected from hedgehogs. The result suggests hedgehogs functioning as important pathogen reservoirs, and corresponds with a previous indication that several species of birds played a role as Lyme disease spirochetal reservoirs infective to ticks [18] . Therefore, in some cases, positivity rate is not depended by tick developmental stage but by which reservoir hosts that ticks attach to. For vegetation types, grassland sheltered more ticks than woodland and shrubs, and there were some ticks infected with R. slovaca or R. raoultii related genospecies in grassland. However, non-infected ticks were found in woodland, in contrast to more than 6 tick-borne pathogens infection in ticks from French suburban woodland [19] . Workers and visitors for travelling in the field should pay more attention to questing ticks in grassland in prevention of occurrence of tick-borne diseases. In addition, people in this region should keep a distance from hosts with tick infestation, especially the hosts with high risk for human tick-borne pathogens including hedgehogs, dogs and rodents.
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